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Abstract. The MAJORANA collaboration is pursuing the development of the so-called Majorana 
Demonstrator. The Demonstrator is intended to perform research and development towards 
a tonne-scale germanium-based experiment to search for the neutrinoless double -beta decay of 76 Ge. 
The Demonstrator can also perform a competitive direct dark matter search for light WIMPs 
in the 1 — 10GeV/c 2 mass range. It will consist of approximately 60 kg of germanium detectors in 
an ultra-low background shield located deep underground at the Sanford Underground Laboratory 
in Lead, SD. The Demonstrator will also perform background and technology studies, and half 
of the detector mass will be enriched germanium. This talk will review the motivation, design, 
technology and status of the Demonstrator. 
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1. INTRODUCTION 

The Majorana collaboration intends to search for the neutrinoless double-beta de- 
cay (/3/3(Ov)-decay) of the 76 Ge isotope using High-purity germanium (HPGe) detec- 
tors. j8/3 (0v) -decay is a currently unobserved^ nuclear decay where two neutrons in an 
atomic nucleus convert into two protons and two electrons with no neutrinos emitted. 
The existence of this process implies that neutrinos are Majorana fermions, ie. their 
own anti-particles [4]. It would also be the first observation of absolute lepton num- 
ber violation. A related second-order weak process is two neutrino double-beta decay 
(/3/3 (2v) -decay) where two antineutrinos are emitted as well. It constitutes an important 
background for /3/3(Ov) searches. If we assume /3/3(Ov)-decay is mediated by the ex- 
change of a virtual, massive Majorana neutrino, the measured half-life of the decay will 
provide a measurement of the absolute neutrino mass scale, as opposed to the neutrino 
mass-squared differences from oscillation experiments. However, the conversion from a 
measured half-life to neutrino mass requires nuclear matrix elements that are difficult to 
calculate. 

An exciting new physics opportunity arose with the demonstration of the feasibility 
of HPGe p-type point contact (PPC) detector technology as dark matter detectors by the 
CoGeNT collaboration [5]. PPC detectors have significantly reduced energy thresholds, 
from about 5keV to fractions of akeV, allowing a search for light (< 10GeV/c 2 ) WIMP 
dark matter candidates that are inaccessible to current experiments. 
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2 There exists a highly controversial claim of a discovery fHIII]. See JH] and references therein for a 
discussion of this claim. 



2. EXPERIMENTAL CONSIDERATIONS 



Experiments that search for /3/3(Ov)-decay face many challenges. The next generation 
of experiments will probe extremely rare decay rates, with half-lives on the order of 10 26 
to 10 27 years. These require a significant reduction in ionizing radiation backgrounds, 
necessitating deep underground sites, special materials selection and handling, mitiga- 
tion of the high cost of enriching isotopes, and advanced analysis techniques. The goal 
is to achieve an extremely low, preferably near- zero background rate in the /3/3(Ov) 
region-of-interest (ROI). The ROI is the range in the energy spectrum of the emitted 
electrons centered on the Q- value of the /3/3(Ov)-decay, and a region around it deter- 
mined by detector energy resolution. A specific goal of Majorana Demonstrator 
is to demonstrate a background rate of 1 count per tonne-year exposure in a 4keV wide 
ROI around the 76 Ge Q- value of 2039keV after all analysis cuts have been applied. 

After moving the detector underground to remove backgrounds from cosmic-rays, 
the dominant remaining sources of backgrounds are from gamma-rays, surface alpha 
decays and beta-decays. A large fraction of these originate from natural isotope chains, 
primarily 40 K, 232 Th and 238 U. Cosmic rays can activate certain materials at the surface 
prior to moving them underground, in particular creating radioactive 60 Co in copper 
parts and 68 Ge and 60 Co in germanium. Hard neutrons from residual cosmic rays in the 
rock and shield can punch through the veto and produce counts in the detectors. Neutrons 
produced from (ot,n) reactions in the rock are a background for dark matter searches. 
Monte Carlo estimates of acceptable levels of contaminants have played an important 
role in driving the design of the Majorana Demonstrator. 

HPGe detectors constructed with germanium enriched in 76 Ge are excellent candi- 
dates for the search of /3/3 (Ov) -decay. Germanium-based detectors have the best energy 
resolution of all /3/3(Ov) -decay search technologies, which provides them with signif- 
icant advantages. The high resolution improves the signal-to-background ratio, since 
a smaller ROI can be considered. Energy resolution also provides the only feasible 
discrimination against /3/3(2v) -decay events. Germanium detectors are intrinsically ex- 
tremely clean and no special purification is required for /3/3(Ov) -decay searches. Com- 
mercial technologies are well-established for the manufacturing of these detectors, and 
several options and vendors exist. 

3. THE MAJORANA DEMONSTRATOR 

The Majorana experiment is a proposed, collaborative R&D project involving nine- 
teen institutions in four countries and about 50 scientists. MAJORANA requires a scaling 
of a factor of ~ 100 over what has been demonstrated in terms of background reduc- 
tion and mass. Such a large improvement will require an intermediate step, the MA- 
JORANA Demonstrator. The initial module of the Demonstrator will consist of 
30 kg of 28 point-contact unenriched HPGe crystals mounted in an ultra-low background 
electroformed copper cryostat housed inside a massive, layered shield. The shield will, 
from the inside-out, consist of an electroformed inner copper shield, an OFHC copper 
shield, a lead shield, neutron moderator and a muon veto. The entire shield will also 
be enclosed in a radon-reduced volume. All materials are carefully selected to reduce 



radioactive backgrounds to acceptable levels. Its goal is to demonstrate background lev- 
els low enough to justify building a tonne-scale Ge experiment. Later, a 30 kg enriched 
module will be installed test the recent claim of an observation of /3/3(Ov) decay [QH2I] 
and perform additional background measurements. 

The initial Majorana modules will concentrate on P-PC Detectors that have the 
advantages of cost and simplicity, with no loss of physics reach. Research and develop- 
ment of n-type segmented detectors and others will continue in parallel as an alternative. 
Several prototypes are under study by the collaboration and 18 additional natural germa- 
nium BeGe detectors have been ordered for the initial module. The Demonstrator 
will be located at the 4850' level in the Sanford Underground Laboratory in Lead, South 
Dakota. The collaboration will also use the DEMONSTRATOR to pursue longer term 
R&D to minimize costs and optimize the schedule for a tonne-scale experiment. 

The infrastructure developed for the Demonstrator at the Sanford Underground 
Laboratory will test several concept for the much more stringent and ambitious require- 
ments for a tonne-scale experiments. The MAJORANA collaboration is developing, in 
collaboration with the Europen GERDA collaboration [6], a suite of analysis and sim- 
ulation tools. These tools will be tested with the DEMONSTRATOR and its associated 
prototypes, and once tested, they will be valuable in the design and development of the 
tonne-scale detector. MAJORANA is also pursuing domestic capabilities of enrichment, 
one of the dominant cost drivers of a tonne-scale experiment. Finally, the performance of 
the GERDA experiment's liquid argon shielding technology and the MAJORANA experi- 
ment's traditional lead and copper shielding will be compared and a technology selected 
that optimizes the shield performance of the tonne-scale experiment. The GERDA and 
Majorana collaboration fully intend to merge to pursue the tonne-scale experiment. 
The anticipated half-life sensitivity of a tonne-scale experiment will be on the order 
of 10 28 years depending on the background levels, which would completely probe the 
inverted neutrino mass -hierarchy region. 
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